Japanese horseradish [Wasabia japonica (Miq.) Matsumara or Eutrema wasabi (Siebold) Maxim.], is a vegetable species originated from Japan. Currently, wasabi is grown in many other countries across the world such as: New Zealand,
Introduction
Wasabi, also called Japanese horseradish is a brassicous vegetable, popular in Japan. Its use there is similar to wellknown horseradish (Armoracia rusticana G. M. Sch.) in Europe. However, the latter is less spicy in taste than the Japanese horseradish (Sultana et al., 2003) . Wasabi is a perennial herb with erect and simple or branched stem with green leaves in the shape of a heart. The grown out plant can reach up to 30-50 cm in height. It has white flowers with 4 petals. Wasabi seeds are small, about 2-3 mm long and 1 mm wide. The main root, sometimes described as rhizome, is usually simply shaped. After about 18 months of growing, the root reaches maturity, its shape is cylindrical to conical, curved, covered with numerous leaf scars. The length of a single root is within the range of 50 to 200 mm, and weight from 4 to 120 g (Chadwick et al., 1993; Trzcinska and Hołubowicz, 2016) . The beginning of Japanese horseradish cultivation in Japan dates back to the reign of Tokugawa Yasushi (Keicho era) in the years 1596-1615. The first documented place of cultivation of this plant was Utogi, visible in the upper reaches of the river Age, in Shizouk prefecture. For a well-known Japanese sashimi dish, wasabi was added around 1200 (A.D.), with the beginning of the Muromachi period (Japanese Middle Ages, shogun period), and during the Edo period (1603-1868). They were served then to soy sauce and to today's popular Japanese sushi (Anonymous, 2015) . In 1902, David Fairchild was the first person who brought wasabi to the U.S. (Fairchild, 1903) . The high prices of Wasabi roots have led to the search for alternative, artificial production methods. Large wasabi production is conducted in New Zealand. Unfortunately, it turned out that without the plant protection and artificial fertilizers, organic wasabi cultivation could be unprofitable. For this reason, the organic production of wasabi is already limited to solely polyethylene-coated greenhouses, in gravel collection using a hydroponic or hydrolytic system, with prefectures: Shizuoka, Nagano and Iwate (Iwashina, 2016) . It is also produced in semi-aquatic systems (Yamane, 2010 a, b,) . Wasabi requires special growing conditions. In the wild, it grows in mountain valleys where the soil is fertile, sandy with excellent drainage and high water retention capacity. The best soil for wasabi is humus soil of pH 6 to 7 (Hoshitani, 1996; Sultana and Savage, 2008) . Maruyama (1965) reported that air temperature affected the growth of leaves of wasabi. Production of Japanese horseradish in mountainous areas requires an air temperature of 6 to 20 °C, preferably 8 to 18 °C (Chadwick et al., 1993) . Air temperature lower than that 8 °C inhibits plant growth, at less than 5 °C, its growth is completely inhibited, At -3 °C, the plant freezes (Adachi, 1987) . Straw or plastic cover sheets must be used to prevent frost damage. In the free flow of water (Chadwick et al., 1993 ) the spring water is considered to be the best for growing wasabi because it is homogeneous in quality, has a consistent temperature and proper areation. If the water has a higher temperature than 12-15 °C, there may be problems with the plant's growth. As the water temperature rises, the concentration of oxygen in the water drops and eventually the plant growth can be completely inhibited. Proper mineral nutrition of wasabi is also an important factor in increasing the efficiency of its production, resulting in the receipt of high quality root (Yokogi and Ueno, 1990) . Wasabi cultivation requires shading what might also control diseases. The experiment of Collins (2003) in North Carolina has shown that 80% of wasabi plants have been lost due to pathogenic agents. The disease was less widespread in more shaded areas of the plot, suggesting that additional shading can introduce adverse conditions to disease development. Trzcinska and Hołubowicz (2016) reported that Japanese horseradish might be grown under polycarbonate covers in Poland. However, they were cultivating Japanese horseradish in pots and rows. The present research study was an extension of the previous research but it was focused only on plants in rows, as more effective and cheaper in practice. In this study, chemical evaluation of the roots produced under the polycarbonate covers in Poland was done to assess the possibility of commercial production of wasabi in climatic conditions of Poland. In addition, a chemical comparison of roots produced in Poland and Japan producer was performed.
Materials and Methods

Biological material
Seedlings of Japanese horseradish were provided from the Japanese company Miyoshi's European branch called Wasabi, located in Dorchester in the UK in May 2015 (Fig. 1) . The vegetative material was multiplied by in vitro method. First, the plants were transferred to the pots and stored under the polycarbonate covers in order to adapt them to the weather conditions in Poland. After that, the plants were successfully planted in the growing medium in June 2015 and then it took almost two years to obtain mature wasabi roots. About 30 plants were stored under the covers during the winter and after producing the roots in Poland, they were investigated in November 2016. In addition, roots from a Japanese producer were evaluated and were imported directly from Japan. daily flooding (Palmer, 1990; Chadwick et al., 1993; Rodriguez and Punja, 2007; Yamane, 2010 a, b,) . In 2012, the British farmer became first man to grow wasabi in Europe (Macdermott, 2012) . In February 2017, wasabi production was commenced in Northern Ireland. At present, due to a trade secret, there are no studies conducted about wasabi production in Europe (Pullman, 2017) . In Poland, there is no information about this crop production. In Japan, the crop is priced for its health benefits. Wasabi has antibacterial properties (Shin et al., 2004) , and antiinflammatory effect (Uto et al., 2012) . Moreover, a chemical compound extracted from wasabi called 6-(methylsulfinyl)hexyl isothiocyanate was reported to supress a breast cancer and melanoma cells development (Nomura et al., 2005) as well as human pancreatic cancer cells (Chen et al., 2014) . Yamasaki et al. (2013) noted that hot water extract from wasabi leaves had an anti-obesity effect on mice. Regarding these health beneficial characteristics and taste attributes, Japanese horseradish may be used as a functional food. Wasabi leaves and stalks are partially treated as a by-product of the production process. One of the ideas for their usage can be pulping and use as dietary fiber. The total amount of fiber in the wasabi leaf and shoot was 92.3 g / kg. This mixture regulates the digestive system and especially, the proper work of the small intestine. Moreover, leaves and shoots of wasabi have a significantly lower isothiocyanate content, they are milder than roots (Wang et al., 2011) . Thanks to the bactericidal properties of wasabi, the Japanese add it to their meals to prevent the food poisoning after raw fish consumption (Hodge, 1974) . Recently, Japanese cuisine has become popular all over the world; it is not only interesting to consumers, but also to scientists, particularly in the western hemisphere. In Europe, it is common to use Japanese horseradish in preparing such dishes as sushi, sashimi, soba noodles or as an appetizer for baked nuts, peas, beans and potato chips. Wasabi is sold on the market in various forms. The most valuable one is the untreated root, which traditionally, is consumed just before the meal. Other forms are dry powders that must be mixed with water to release pungent substances (Eugster et al., 2011) . In Japan, the production of wasabi is decreasing because of downhill in agricultural production due to the environmental pollution and contamination of the streams. For this reason, the wasabi significance in the world has been growing (Sparrow, 2004) . The high demand for wasabi forces Japan to import the vegetable (Chadwick et al., 1993) . Common horseradish, in Europe is often used as a substitute for wasabi (Iwashina, 2016) on account of high price of wasabi (160$ per 1 kg). For this reason, the market is trying to replace wasabi with different mixtures made from horseradish, mustard, soy sauce with green additives (Miles and Chadwick, 2008) . By law, the declaration of addition should be another product line (Eugster et al., 2011) . Wasabi is also used to decorate foodstuffs with a light green colour, and as an additive in traditional and modern dishes such as Mayonnaise (Uto et al., 2012) .
The cultivation of wasabi is very difficult, even in the optimal conditions. Japanese horseradish grow naturally in the mountains streams and river valleys. Currently in Japan, wasabi is grown mainly on the Izu peninsula and in the 3 467 Construction of the cover In order to conduct the experiment in the similar conditions as in the natural habitat (Japan), a carbonate greenhouse of polycarbonate boards was built. The dimension of one board was 4 m × 10 m. The construction was prepared to provide artificial plant growing conditions. The whole ground under cover was coated with black foil in order to prevent water loss. A thick layer (7-10 cm) of stones was provided and laid out on the foil to prepare appropriate drainage for the medium. Thick fraction of stones was used to avoid the water stagnation, which is undesirable in the cultivation of Japanese horseradish. In the case of low temperature, a small heater was used.
Growing medium requirements
To lead up an optimum pH, special medium was used with an addition of 70% of phagnum peat, 25% of slowrelease pine tree bark, and a little amount of fine gravel and about 800 kg of fine stone per 1 ton of the soil was added to bring the cultivation of wasabi to the conditions of the mountain areas of Japan (Hoshitani, 1996; Sultana and Savage, 2008; ) . Additional fertilization was not added in order to maintain the natural conditions of cultivation of the crop in this study (Adachi, 1987; Chadwick et al., 1993; Yokogi and Ueno, 1990) .
Water requirements
The most important factor in growing wasabi was water. The crop needs constant fresh water circulation (Suzuki, 1968) . In natural conditions (Japan), it is cultivated in the valleys of mountain rivers. The water temperature should never be more than 20 °C. To provide suitable water circulation and to minimize the cost of the water, a special pump device was used (Fig. 2) . The tank was dug into the ground. The water from the residual tank was pumped into the drainage pipe located at the beginning of the cultivation area. The water was flowing down the hillside and it slid back into the reservoir under the influence of the slope. Every week, the water was replaced with the fresh one. To protect the culture form high temperature and sun, when necessary, an impulse sprinkler was placed in the tunnel under the polycarbonate covers.
Material for chemical evaluation of the roots
Ten roots from the current experiment under the covers and one original root imported from Japan were analysed regarding dry matter, polyphenols, antioxidant potential, reducing substances, total proteins, starch and raw fiber. All analyses were prepared at the Department of Fermentation and Biosynthesis in the Institute of Food Technology of Plant Origin at the Faculty of Food Science and Nutrition at Poznań University of Life Sciences (Poland).
Chemical analysis of the roots
For dry matter evaluation, the tested material, after crushing it in the mortar, was conducted following the method of Ładoński and Gospodarek (1986) . The total polyphenol contents of wasabi roots were determined by the Folina-Ciocalteu method according to Singleton and Rossi (1965) . The antioxidant potential was analysed using the method described by Re et al. (1999) . The reducing substances were measured using the DNS reagent (Muller, 1959) . The total proteins content was determined using Krełowska-Kułas method (1993). Hölm et al. (1986) method was used to compute the sum of carbohydrates per starch and Henneberg and Stohman method to obtain raw fiber contents (Gawęcki, 1994) . 
Statistical analysis
The obtained data was described statistically without transformation in the computer STAT programme. The significant differences were calculated based on the Duncan's test for α=0.05.
Results
After one and a half year of wasabi cultivation in a carbonate greenhouse in Poland, it occurred that wasabi plants were growing well and were normally developed. Trzcinska and Hołubowicz (2016) established that the commercial production of wasabi was possible in Poland. The plants survived winter 2015/2016 very well due to a higher temperature in the polycarbonate construction (never below -3 °C). In March 2016, the plants were blooming and in November 2016, their roots were dug out from the medium and measured. Their length varied between 7 and 14 cm (Fig. 3) and the Japanese wasabi root from Japan was 19 cm long (Fig. 4) . The Polish wasabi roots were almost half of the length of the original one from Japan. In addition, a few Polish roots were deformed. They might have been damaged by black heart caused by the fungus Phoma wasabiae Yokogi. 469 The main difference between roots produced in Poland and in Japan was the amount of dry matter in the Polish root, the dry matter was 30.46% and in Japanese one 26.92%. The raw fiber and starch contents were the same in both roots. In the Japanese root, the total proteins contents and reducing substances contents were higher than in the Polish one. Polyphenols and antioxidant potential were higher in the Japanese root than in the Polish ones (Table  1) .
After one and a half year of production, the wasabi leaves produced in Poland had the highest content of CaO (3.22%) and organic nitrogen (3.16%) whereas the lowest content of P2O5 (0.46 %). (Table 2 ). Regarding to soil chemical composition (Table 3) , the highest content of 2988 mg dm Discussion Japanese horseradish has been one of the most important spice vegetables in Japan and other Far East countries (Hoshitani, 1996) . In Japan, in 2014, there were over 300 ha of commercial wasabi plantations. Moreover, its wholesale price on the Japanese market in 2015 was over 160 USD per kilogram (Hołubowicz and Rochowiak, 2016) . The high price of wasabi caused by the fact that despite the vast research and many studies, wasabi is still difficult to multiply through seeds and, therefore, commercial transplants available today on the market are expensive. No wonder that in many other countries, there has been a growing interest to introduce and produce this crop (Sparrow, 2004) . Additionally, growers are ready to pay a lot for good-quality, healthy wasabi transplants (Gittleson, 2014) . In the light of current knowledge, there are no complete studies on wasabi roots chemical contents. Although, there have been quite a few papers on a single chemical compounds present in the root (Depree et al., 1998; Sultana, 2002; Sultana et al., 2003; Hasoya et al., 2005; Kwiatkowska, 2007; Nagai et al., 2010; Uto et al., 2012) .
The present research with wasabi plants was conducted first time in Poland. After one and half year, it was possible to obtain good quality roots which, might be processed into a paste or powder. The carried out experiment confirmed that Japanese horseradish production under the covers in climatic conditions of Poland might be done and led to production of good quality roots. However, the length of a Polish root produced under the covers was different from the Japanese one. It was almost two times smaller than the Japanese one. Possible explanation for this inconvenient might be the lacking of fresh water, the diseases, the specific growing medium requirements or the vegetation period as well as the different climatic conditions. In nature, wasabi is cultivated in the shady river valleys of Japanese mountains. Although, the Polish roots were smaller, their chemical analyses showed that some of the chemical substances were quantitatively almost the same as were in the Japanese roots. In spite of higher contents of total proteins and reducing substances which were 13.84% of dry weight and 44.78 mg g -1 in Japanese root respectively, fiber, starch, dry matter were similar. However, polyphenols and antioxidant potential were higher than in the Polish ones.
The main difference in leaves analysis was amount of CaO which was the 9.66% of dry weight after half a year of wasabi cultivation (Trzcinska and Hołubowicz, 2016) . In this study, the amount was 3.22 % of dry weight after one year and a half of the experiment. Also recorded MgO and K2O amounts decreased after one year and a half. The organic nitrogen and P2O5 slightly increased.
Based on the results of the experiment carried out by Trzcinska and Hołubowicz (2016) , it was also possible to compare the soil composition with the present study. In conclusion, volumetric weight, P, K, Mg and Cl contents were higher in the soil from the present study. The N-NO3 and Ca contents, however, were lower in the previous experiment. Moreover, pH was the same and salinity was higher. When the crop was grown for one year and a half, as in our study, plants had higher demand for N-NO3 and Ca and lower demand P, K, Mg and Cl. The high demand of N-NO3 in the present study could come from the observed high fresh tissue production. This corresponds to the study of Martin and Deo (2000) , who in their study reported up to 5 kg/m 2 of fresh wasabi material produced in the first year and 6 kg/m 2 in the second year. The same authors also confirmed the high amount of Ca in the soil in the shade house of wasabi plantation. The optimal pH recommended by the authors was 6.3 at the top layer of the soil (0-15 cm) and 6.0 in the deeper layer (15-30 cm). However, other authors reported the optimal pH to be from 6 to 7 (Hoshitani, 1996; Sultana, 2002) or 6.5-7.5 (Ma et al., 2009) . Park and Lee (2015) were also studying chemical composition of wasabi leaves. They measured basic chemical elements and showed that the leaves were alkaline because of the highest contents of K followed by Ca, P and Mg. They also measured the contents of sinigrin and allyisothiocyanate which are health promotion chemical compounds. Most of the research on wasabi has been focused on allyl isothiocyanate compound, which is presented in every morphological part of the plant (roots, stems, leaves). The results of different studies suggested that component could be effective in killing Helicobacter pylori (Shin et al., 2004) or used as a cancer chemopreventive phytochemical (Zhang, 2010) and antiplatelet activity. In the conducted study, there was no such chemical analysis performed but future researches are focused on this field. Oguni et al. (2005) carried out the experiment in Japan which focused on the impact of environmental controls on the wasabi growth. The cultivation was conducted under the covers, similar to this study. In the summer, fans were used to exchange the air masses and to cool the room on account of temperature never exceeding 35 °C. In the winter, however, heaters were used, thanks to which the air temperature did not fall below 13 °C. Experiment showed the importance of the air temperature control. Unfortunately, in current study, conducted in Poland, full control of temperature was not possible due to prolonged unfavourable temperatures in the winter of 2016/2017. For economic reasons, it was necessary to interrupt constant heating of the structure. Despite the negative winter temperatures, wasabi plants have taken the spring growth and bloomed. However, it must be noted that the flowering of 2017 was much weaker than the flowering of 2016. Unfavourable temperatures had no major impact on the development of the Japanese horseradish, although they were weakened. This observation will be evaluated in autumn 2017. Yamane et al. (2016) suggested that the genetic differences between the related species of Eutrema wasabi from Japan and Eutrema yinnanense from China are the result of evolution over many years. This has led to a change in the uses of wasabi and its chemical composition and properties in both countries. The results of this study might determine whether the cultivation in Poland has any effect on the change in chemical composition, properties and application of Japanese horseradish. Only repeating these tests for several consecutive years on the plants of the same variety might give a credible answer.
Conclusions
Production of Wasabi japonica Matsumara could be successfully done in Poland. In the climatic conditions of Poland, special construction must be used, followed by specific water, temperature and insolation conditions. The total proteins, polyphenols, antioxidant potential and reducing substances contents were smaller in Polish roots than in the Japanese one. The other chemical compounds in the Polish roots were similar to the Japanese one.
